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1. Introduction
Studying the environmental drivers that determine the 
distribution of species is a central theme in ecology and 
biogeography (Brown et al., 1996; Gaston, 2000; Lomolino 
et al., 2010). Distributional patterns of species are 
determined by a wide range of historical, abiotic, and biotic 
ecological factors (Gaston, 2003; Graham et al., 2014), but 
geology and climate are believed to be the most important 
drivers of spatial patterns of biodiversity in mountains 
(Fu et al., 2007; Antonelli et al., 2018). Mountains are 
characterized by steep elevational gradients that have 
strong effects on the distribution of species, including 
elevational range edges. Mountains cover one-quarter 
of the land surface and support one-third of the planet’s 
biological diversity (Körner, 2004; Körner et al., 2011; 
Spehn et al., 2011). Mountain biodiversity is threatened 
by climate change and human activities (Diaz et al., 2003; 
Parmesan, 2006; Körner et al., 2017). 
The study of species distributions along elevational 
gradients from lowlands to mountains can offer valuable 
insights into the environmental factors that determine 
the distribution of species (Hairston, 1949; Guisan and 
Hofer, 2003; Arntzen, 2006). The Elburz Mountains are a 
biodiversity hotspot in Iran (Anderson, 1999; Majnoonian 
et al., 2005; Akhani et al., 2013; Moradi et al., 2018). 
While plant species and the environmental drivers of their 
distributions have been studied extensively in the Elburz 
Mountains (Noroozi et al., 2010; Akhani et al., 2013; 
Ravanbakhsh and Moshki, 2016), animal distributions 
and their drivers remain poorly known (Ahmadzadeh et 
al., 2013; Mahmoudi et al., 2016; Ashoori et al., 2018). 
Species distribution models (SDMs) are commonly 
used to predict suitable environmental conditions for 
species presence or absence (Guisan and Thuiller, 2005; 
Pearson et al., 2007; Elith et al., 2011; Yousefi et al., 2018b), 
find new potential habitats for rare and endangered species 
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(Guisan et al., 2006; Williams et al., 2009; Yousefi et al., 
2015), and explore environmental factors determining 
the distribution of animals and plants (Royle et al., 2005; 
Peterson et al., 2011; Werner et al., 2013; Kafash et al., 
2018). 
The Caspian green lizard, Lacerta strigata Eichwald, 
1831, belongs to the family Lacertidae. Its distribution range 
includes eastern Anatolia, Caucasian Russia, Armenia, 
eastern Georgia, Azerbaijan, northern and northeastern 
Iran, and southwestern Turkmenistan (Sindaco and 
Jeremcenko, 2008). The ecology and distribution of L. 
strigata remain poorly known. Nevertheless, it is a good 
model species to assess the effect of environmental 
conditions on the distribution of species because it is 
found along a wide elevational gradient. In Iran, for 
example, L. strigata occurs from below sea level (–27 m 
a.s.l.) to approximately 2700 m a.s.l. in elevation from East 
Azerbaijan eastward to North Khorasan (Anderson, 1999; 
Yousefi et al., 2018a). Here, we used SDMs to model the 
distribution of the species in Iran and determine which 
environmental variables are the most important predictors 
of the distribution of the species along elevational gradients 
of the Elburz Mountains. In addition, we used the model to 
verify whether an isolated record of this lizard from Shiraz 
in southwestern Iran is plausible. For this site, the identity 
of the species was confirmed by herpetologists (Anderson, 
1999), but the locality is far away from the species’ core 
distribution range. We tested whether southwestern Iran is 
ecologically suitable for the species.
2. Material and methods
2.1. Distribution data and environmental variables
Distribution records were collected through opportunistic 
observations during fieldwork from 2014 to 2017 (n = 
14). Additional records (n = 28) were downloaded from 
the Global Biodiversity Information Facility (https://www.
gbif.org/, which also includes the distribution records of 
Šmíd et al., 2014). In total, 42 distribution points were 
available and used in niche modeling.
Environmental variables related to climate, topography, 
and vegetation were used to model the distribution of 
L. strigata along the elevational gradient of the Elburz 
Mountains. The climatic variables were downloaded from 
CHELSA (Climatologies at high resolution for the earth’s 
land surface areas). CHELSA contains high resolution (30 
arcsec, ~1 km) climate data (time period: 1979–2013) for 
earth land surface areas and is currently hosted by the 
Swiss Federal Institute for Forest, Snow, and Landscape 
Research WSL (Karger et al., 2017). Slope was calculated 
using the terrain function in the Raster package (https://
cran.r-project.org/web/packages/raster/index.html). The 
terrain function calculates slope as a function of elevation. 
The elevation layer was obtained from the Shuttle Radar 
Topography Mission (SRTM) elevation model (http://
srtm.csi.cgiar.org). All environmental layers were prepared 
at 1-km resolution for Iranian territory and used for 
distribution modeling.
To avoid collinearity among variables, we selected 
uncorrelated climatic variables (Pearson correlation 
coefficient <0.7) (Zar, 1999). ENMTools 1.4.4 (Warren 
et al., 2010) was used to estimate correlation among the 
variables. This selection of variables reduced the number 
of environmental variables such that we had a good ratio 
of explanatory variables and distribution records (Yackulic 
et al., 2013) (Table 1).
2.2. Distribution modeling
To model the distribution of L. strigata along elevational 
gradients of the Elburz Mountains we applied an ensemble 
approach (Araújo and New, 2007) using four algorithms: 
generalized boosted models (Ridgeway, 1999), maximum 
entropy modeling (Phillips et al., 2006), generalized linear 
models (McCullagh and Nelder, 1989), and random forest 
(Breiman, 2001). We also determined whether the Shiraz 
region is ecologically suitable for the species.
As an alternative approach we used the jackknife test 
of variable importance in MaxEnt to explore the most 
important environmental drivers of the distribution of 
L. strigata in the Elburz Mountains (Phillips et al., 2006; 
Elith et al., 2011). We generated a randomly drawn 
sample of 10,000 background points (e.g., pseudo-absence 
points) from the extent of the study area (Iran) using the 
PresenceAbsence package (Freeman and Moisen, 2008) in 
the R environment (v. 3.4.3).
To measure the predictive performance of the models, 
we used three statistics: the true skills statistic (TSS), area 
under the receiver operating characteristic curve (AUC) 
(Fielding and Bell, 1997), and the Boyce index (Boyce et 
al., 2002; Hirzel et al., 2006). An AUC value of 0.5 indicates 
that the performance of the model is not better than 
random, while values closer to 1.0 indicate better model 
performance (Swets, 1988). Both TSS and Boyce index 
values range from –1 to +1, where +1 indicates perfect 
Table 1. Environmental variables used in this study.
AbbreviationVariable
SlopeSlope
NDVINormalized difference vegetation index
Bio2Mean diurnal range of temperature
Bio3Isothermality
Bio4Temperature seasonality
Bio12Annual precipitation
Bio15Precipitation seasonality
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performance, a value of zero means random predictions, 
and negative values indicate counter-predictions (Hirzel 
et al., 2006; Guisan et al., 2017). Analyses were carried 
out using the packages GISTools (https://rdrr.io/cran/
GISTools/), dismo (https://rdrr.io/cran/dismo/), biomod2 
(https://cran.r-project.org/web/packages/biomod2/index.
html), maptools (http://r-forge.r-project.org/projects/
maptools/), SDMTools (https://cran.r-project.org/web/
packages/SDMTools/index.html), ecospat (https://cran.r-
project.org/web/packages/ecospat/ecospat.pdf), and 
raster (https://cran.r-project.org/web/packages/raster/
index.html) in the R environment (v. 3.4.3).
3. Results
Figure 1 shows the distribution records of the Caspian 
green lizard in Iran.
Results of modeling the distribution of the Caspian 
green lizard along the elevational gradients of the Elburz 
Mountains showed that habitats on the gentle slopes 
between the Elburz Mountains and the Caspian Sea are 
the most suitable habitats for the species in northern Iran 
(Figure 2). The predictions made by the four modeling 
methods are comparable, but it appears that GLM is the 
most liberal (i.e. highest predicted suitability), whereas 
MaxEnt is the most conservative. Our models showed that 
the Shiraz region is not suitable for the occurrence of L. 
strigata. 
3.1. Model performance and variables importance
Results of assessing the predictive performance of models 
developed in this study showed that all models performed 
well in predicting the distribution of L. strigata in Iran 
(Figure 3). Results of estimating the importance of the 
environmental variables revealed that the normalized 
difference vegetation index (NDVI) followed by annual 
precipitation (Bio12) and slope were the most important 
environmental variables affecting the distribution of the 
species. The relationship between relative habitat suitability 
for the species and NDVI and annual precipitation was 
positive, while species occurrence was negatively affected 
by slope (Figure 4).
The results of the jackknife test of variable importance 
showed that the environmental variable with the highest 
Figure 1. Map of Iran. Colors indicate elevation and dots indicate occurrence of the Caspian green lizard (Lacerta strigata). Dots show 
presence of records for the species. The square shows the locality of the occurrence near Shiraz. 
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gain when used in isolation was NDVI, which therefore 
appears to have the most useful information by itself. The 
environmental variable that decreases the gain the most 
when it is omitted is annual precipitation, which therefore 
appears to have the most information that is not present in 
the other variables (Table 2).
4. Discussion
Our models showed that low-altitude habitats on gentle 
slopes are the most suitable area for the Caspian green 
lizard (L. strigata) along the elevational gradient of the 
Elburz Mountains. Except for the Shiraz locality, the 
distribution models produced in this study are in line with 
the previously published distribution maps for this species 
in Iran (Anderson, 1999; Rastegar-Pouyani et al., 2007), 
confirming the accuracy of our models to identify suitable 
habitats for the species.
NDVI was the most important predictor of L. strigata 
distribution. Habitat suitability for the species increases 
with increasing NDVI. This is most likely the case because 
Figure 2. The distribution models (GBM, GLM, MaxEnt, RF, and ensemble) of Lacerta strigata in northern Iran along with the Shiraz 
locality (black square).
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the NDVI is an indicator of plant productivity, which may 
influence the availability of food resources such as insects 
(Laube et al., 2015). If NDVI is indeed an indicator of 
resource availability (Laube et al., 2015), then this would 
support the suggestion of Guisan and Hofer (2003) that 
variables that describe resource availability improve SDMs 
for reptiles. However, we note that Arntzen (2006) did not 
find an effect of NDVI on the distribution of Schreiber’s 
green lizard (Lacerta schreiberi).
Annual precipitation was identified as one of the 
most important variables in predicting the distribution 
of L. strigata; other studies on reptiles also found that 
climatic variables predicted reptile distributions well 
(Guisan and Hofer, 2003; Arntzen, 2006; Kafash et al., 
2016). Most likely, annual precipitation is important due 
to its effect on vegetation, which has been identified as 
the most important predictor for the species (i.e. NDVI). 
Habitat suitability increased asymptotically for the species 
with increasing precipitation, and suitability reached the 
maximum in areas that receive around 1000 mm of annual 
precipitation. Slope was another important variable that 
affected species distribution; habitats on gentle slopes were 
more suitable. We believe that the species prefers habitats 
with dense vegetation on gentle slopes over habitats on 
steep slopes with sparse vegetation (Anderson, 1999).
SDMs can be used to find previously unsampled 
habitats of reptiles (Raxworthy et al., 2003; Guisan et al., 
2006). We applied SDMs to assess the plausibility of an 
old distribution record for a lizard species. Our models 
clearly revealed that the Shiraz record is situated in a 
region with very low predicted habitat suitability, whereas 
all other distribution records in northern Iran are found 
in areas with high predicted suitability (Figure 4). The 
distance between the Shiraz locality and the southernmost 
distribution record of the species range is about 730 km; 
the different climatic and conditions and vegetation cover 
between the two areas are obvious (Anderson, 1999; Šmíd 
et al., 2014). We conclude that the Shiraz record could 
be a result of labeling error in the past (Anderson, 1999; 
Rastegar-Pouyani et al., 2007), and more fieldwork would 
be needed around the Shiraz record to confirm the results 
of this study.
In the present study, we explored environmental 
predictors for distribution of a typical reptile in the Elburz 
Mountains, but there are many ecologically unknown 
endemic and endangered animals, such as Darevskia 
defilippii and Darevskia schaekeli, living in the Elburz 
Figure 3. Results of variables importance test (A) and model 
evaluation using AUC, TSS, and Boyce index (B).
Table 2. The results of the jackknife test of importance of vari-
ables. “Without variable” refers to when each variable is exclud-
ed in turn and a model is created with the remaining variables; 
“With only variable” refers to when each model is constructed 
using only one variable (Phillips et al., 2006).
Variable Without variable With only variable
Slope 2.7437 1.562
Bio12 2.605 1.8908
NDVI 2.6379 2.0049
Bio4 2.7439 0.7179
Bio3 2.7826 0.9706
Bio2 2.7312 1.5041
Bio15 2.7545 0.1701
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Mountains (Madjnoonian et al., 2005; Ahmadzadeh et al., 
2013). We encourage ecologists and mountain scientists to 
study these animals’ distributions and the environmental 
drivers of their distribution, which is a prerequisite for 
conservation and management of the biodiversity of the 
Elburz Mountains.
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Figure 4. Response curves showing how the distribution of Lacerta strigata is affected by the environmental variables. Response curves 
were created using the GLM model. Dots are presences (at habitat suitability = 1) and absences (at habitat suitability = 0). Lacerta strigata 
was photographed in its natural habitat in the Elburz Mountains by Anooshe Kafash.
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